Abstract: Blackcurrant leaf chlorosis associated virus (BCLCaV) was detected recently by next-11 generation sequencing (NGS) and proposed as a new and distinct species in the genus
1
Due to its inverted and complementary ends RNA-2m is able to form a loop [37] .
2
Herold and Andino [10] suggested that RNA circularization may be a general replication 3 mechanism used by positive sense RNA viruses. Until recently circular RNA were considered to 4 be rare anomalies but NGS analyses, also known as high-throughput or deep sequencing, has 5 resulted in the discovery of an abundance of stable circular RNA that are often the products of 6 RNA splicing and may be involved in gene expression [7,18.23,44] . Circular RNAs are difficult 7 to detect and may have eluded identification in the past [17] . They may consist of noncoding or 8 coding RNA and can be quite variable in size, 100s to 1000s nucleotides in length [6, 8, 23, 44] .
9
Viroids are circular non-coding RNA that can be pathogenic in plants [6'39] . It appears that there 10 are several mechanisms by which RNAs may become covalently linked or circularized including 11 back-splicing, direct 3'-5' ligation and mediation by ribozymes [13, 22] .
12
In this study BCLCaV RNA-2/RNA-3 derived "bridge reads" were observed among NGS 13 generated paired-end reads generated from dsRNA extracted from BCLCaV-infected 14 blackcurrant (Ribes nigrum). The bridge reads encompassed in some cases the 3' terminus and 5' 15 terminus of BCLCaV RNA-2 and in other cases the 3' terminus and 5' terminus of BCLCaV 16 RNA-3, as contiguous sequences. We hypothesized that this may indicate the presence of other 17 forms of end-to-end concatenated RNA-2/RNA-3 associated with BCLCaV, or possibly circular 18 RNA forms. RT-PCR assays were developed to confirm linkages of the 3'-terminus and 5' final concentration of 1.3 pM, then loaded onto the High Output Reagent Cartridge (Illumina).
5
The samples were sequenced (2 x 151 cycles, paired-end reads) on the NextSeq500 (Illumina) 6 using the NextSeq 500 High Output 300 Cycles Kit (Illumina). and at least three independently derived clones were Sanger sequenced as described above. 
RT-PCR to verify NGS generated bridge reads

9
In order to verify the "bridge reads" identified in the NGS data, that connected the 3'terminus of 10 RNA-2/RNA-3 to the 5'terminus of the respective RNAs, RT-PCR tests were designed using amplification, followed by a second round of amplification using the internal primer pair BRI-1;
19
c) RT-PCR using primer pair BRI-4; and d) RT-PCR using primer pair BRI-1 ( give a final 20 μL reaction mix. Reverse transcription was carried out at 50 °C for 50 minutes.
6
When completed, 2 μL of this product was used for PCR amplification. These reactions (25 μL) 7 used gene specific primers at a final concentration of 0.4 μM and MgSO4 at 1.5 mM, with other 8 reagents used as recommended by the manufacturer. PCR was preceded by a 2 minute 9 denaturation at 94 °C, followed by a touchdown phase of 17 cycles. In this phase, each 10 denaturation was at 94 °C for 30 seconds, followed by a 30 second annealing step for which the 11 temperature was set at one degree lower than that of the previous cycle, starting from 72 °C.
12
Elongation steps were at 68 °C for 1 minute / kb of target. For the PCR phase, cycles were 13 identical to that of the touchdown phase, except for the annealing temperature, which was kept at 
RT-PCR with abutting primers
19
An effective strategy used commonly for detecting the presence of circular nucleic acid forms is Table 1A , and their positions are shown in Figure 1A . These primers will detect RNA-2 and/or 1 RNA-3 because of their location. Tests were done on both total RNA and dsRNA extracts of 
RNase R enzyme treatments followed by RT-PCR analysis
12
RNase R digestion was performed using a procedure similar to that described by Suzuki et al.
13
[40], but with digestion at 37 °C for 45 minutes. The workflow diagram (Fig. 2) summarizes the 14 RNase R assays conducted, indicating for each sample three rounds of denaturation followed by 15 RNase digestion after each step. Treatments were replicated 2 -4 times. Double-stranded RNA
16
(dsRNA) was isolated as described above. Samples were adjusted to a total starting volume of Table 1C . RT-PCR products that were needed for 9 confirmation were excised, gel extracted using a QIAGEN MinElute kit, cloned as described 10 earlier using the TOPO-TA cloning technique (Thermo-Fisher) and Sanger sequenced. 
Results
13
Sequence data, coverage and analysis
14
A total of 30,788,510 raw reads were generated from the BCLCaV positive R. nigrum cv. 
RT-PCR verification of bridge reads 9
The bridging primers successfully amplified their contiguous target regions confirming linkage. termini of RNA-3, obtained using nested RT-PCR with the primer pairs BRI-4 and BRI-1 (Table   14 1B, Fig 1B) . Variable numbers of C residues at the 3'termius of RNA-3 are shown (Fig. 5) . truncation of the 3' terminus did not affect any remaining stem loops.
RT-PCR with abutting primers 3
The complete RNA-2 and RNA-3 genomes could be generated using abutting primers. Fig 6   4 shows the results of RT-PCR analysis of total RNA extracted from R. nigrum infected with 5
BCLCaV (3124-03D1), using the abutting primer pair A (Table 1A , Fig. 1A ). Both products A 6 and B (Fig. 6 , lane 2) were cloned and Sanger sequenced and determined to be 2280 bp 
RNase R enzyme treatments followed by RT-PCR analysis
15
RNase R treatments were carried out on total RNA and dsRNA extracts from R. nigrum and 16 from N. benthamiana co-infected with AVX and BCLCaV, and also from healthy R. nigrum and
17
N. benthamiana used as negative controls. Results were similar and consistent. Figure 7C ). All controls and control treatments gave the expected 3 results (Table 2 , Fig. 7 ). Expected product sizes are given in Table 1C . 
16
The bridge reads described in this study are not associated with the bridge of BCLCaV reads. They were observed also in some cases when the products of bridge RT-PCRs were 8 cloned and sequenced, confirming their presence. These insertions had no effect on the predicted 9 secondary structures, but the origins of these inserted nucleotides are unclear at this time.
10
Evidence was obtained that is consistent with the existence of circular RNA associated
11
with BCLCaV RNA-2/RNA-3. In addition to confirmation of the bridge reads, outward facing or 12 abutting primers were used to generate full length products of both RNA-2 and RNA-3. Abutting 13 primers will only generate the full length sequence of a target if that target is circular
14
[3, 18, 28, 46] . Rigorous RNase R treatments did not eliminate the RNA-2/RNA-3 template.
15
RNase R is a 3' to 5' exoribonuclease that has the capacity to destroy linear and branched or 16 structured RNA, leaving only circular RNA [12, 40] . In this study dsRNA and total RNA samples an alternate cap-independent translation mechanism.
18
Holmes [11] indicated that tools such as NGS will increase our knowledge of the RNA-2/RNA-3 bridge reads. It is possible also that a greater range of virus diversity and genome 22 organizations will be discovered and determined to be more common than first appears. New insights may be gained into our understanding of virus relationships, their organization and their 
